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The control of flagellar length can be easily studied
in the model genetic cell Chlamydomonas. Recent
work has revealed that the mutant gene in a long-fla-
gella mutant encodes a protein kinase.
One aspect of cell biology that has received little atten-
tion is the matter of how organelle size is regulated. The
lack of work on this problem probably stems, at least in
part, from there being few cellular systems in which
organelle size can be easily measured. Not so with the
flagellum: although a cytoplasmic organelle, it is exter-
nally positioned, which means that its development can
be measured by a microscope fitted with an optical
micrometer. The cilium/flagellum can be detached from
many different ciliated and flagellated protistans by
mechanical or chemical means, cells will regenerate
cilia/flagella rather rapidly (in fact in a matter of 70–80
minutes [1]) and the flagella can be isolated at different
stages of their regeneration. 
Importantly, by its very structure — an elongated
symmetrical cigar-like organelle assembled by the
repetition of similar parts — the cilium/flagellum pro-
vides a linear structure well-designed for an investiga-
tion of organelle size control by determining the
ciliary/flagellar length under varying experimental con-
ditions. The organism Chlamydomonas, a biflagellate
alga with tractable classical and molecular genetics,
has proven to be the organism of choice for such
studies, and in this issue of Current Biology, Paul
Lefebvre and his colleagues at the University of Min-
nesota have provided some of the first important mol-
ecular evidence for the processes that might be
involved in flagellar length control [2].
It has been known for over 30 years that there are
Chlamydomonas mutants (Figure 1) whose flagella
grow to twice the length of wild-type flagella, that is to
20 microns versus the normal length of around
10 microns [3]. The Lefebvre laboratory has systemat-
ically analyzed ‘long flagella’ (lf) mutants on the
assumption that determination of the sequence of the
defective genes in such mutants could provide new
insights into how flagellar length is regulated [4]. Their
cloning of the gene defective in long flagella mutant lf4
reported in this issue of Current Biology [2] shows that
it encodes a protein kinase that is localized in the fla-
gella. This group goes on to show that replacement of
the mutant gene by transformation with the wild-type
copy produces cells with normal flagellar lengths. 
How does the finding that this mutant with extra-
long flagella has a defect in a protein kinase provide
insight into how flagellar length might be regulated?
To approach this problem, it is first necessary to know
something about flagellar assembly, especially at the
flagellar tip, where all flagellar microtubule assembly
occurs [5]. It has been known for over 30 years that
the flagellum does not stop elongating once it has
reached wild-type length because of a lack of flagellar
precursor proteins in the cytoplasm: in fact, when the
flagella are at full length, the cell still has sufficient fla-
gellar precursors in the cytoplasm to form at least
another half of a flagellum [1]. So, the regulation of fla-
gellar length must occur at a level other than the avail-
ability of precursors.
The ultimate control of length probably takes place
at the tip assembly site, because it is here that Mar-
shall and Rosenbaum [6] showed that the flagellar
microtubules are turning over, constantly assembling
and disassembling in such a fashion as to maintain
the correct flagellar length in wild-type cells. More-
over, it is also known that the intraflagellar transport
(IFT) process supplies the flagellar precursors to the
tip growth zone [7,8]. Therefore, it is certainly going to
turn out that the regulation of this turnover process
and, by extension, the regulation of IFT, ultimately
determines flagellar length: any hypothesized control
of length would have to result in a change in the ratio
of IFT-dependent assembly versus disassembly at the
flagellar tip. 
How might such a change in the ratio of assembly
to disassembly occur? One obvious method would be
by a signaling system that somehow tells the cell how
long the flagellum is at any point during its develop-
ment, such that at full wild-type length the extent of
assembly at the tip equals the extent of disassembly.
The signal itself could involve ion channels in the elon-
gating flagellar membrane. It is already known, for
example, that the number of voltage-sensitive calcium
channels in the Chlamydomonas flagellum increases
as the flagellum elongates [9] and that changes in
exogenous calcium affect both flagellar elongation
and shortening in Chlamydomonas [10]. The change in
the cell’s calcium homeostasis via the number and/or
activity of calcium channels in the elongating flagellar
membrane could subsequently affect kinase-mediated
signaling pathways. These pathways could in turn
directly affect the microtubule assembly/disassembly
process at the tip, or the efficiency of the IFT process
which delivers precursors to the tip. 
The protein kinase identified by the studies of the lf4
mutant would appear to be a part of this type of sig-
naling pathway. The recent work does not, of course,
tell us where in the pathway such a kinase fits in, just
that it is somehow involved in the length control
process. But knowing this initial fact provides a ‘foot-
in-the-door’ for determining the upstream and down-
stream players in such a putative pathway, and therein
lies the importance of this work from the Lefebvre lab-
oratory. Quite simply, it tells us that a defect in this
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kinase can cause the flagellum to become extra-long
and the job now will be to determine the substrate(s)
of this kinase, and the other members of the pathway.
Indeed, one would like to know if the activity of this
protein kinase, involved in flagellar length control, is
changed during flagellar elongation or shortening.
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Figure 1. Chlamydomonas flagellar
length mutants. 
Panels represent (A) wild-type cells, (B)
short-flagella mutants and (C) long-fla-
gella mutants. (Computer-generated rep-
resentation provided by D. Diener and J.
Rosenbaum, unpublished.)
